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(57)Abstract: 

PROBLEM TO BE SOLVED: To make all the regions of 
field magnetic poles effective sections contributing to 
the torque by setting the open angle from the shaft 
center being opposed to the stator of magnet fields into 
a specific range. 

SOLUTION: When the number of slots of a stator is 
twenty four, and the number of poles of the motor is 
four, the mechanical angle of the winding pitch per every 
phase and pole of each slot of the stator 30 is 75** , and 
the mechanical angle 92 of the slot pitch is 1 5** . 
Besides, the pitch angle 01 of effective magnetic poles 
excluding zero regions out of a resultant magnetomotive 
force becomes a mechanical angle 75** . And if the rotor 
is rotated in the stator, interlinking magnetic flux 
changes, and a section where a peak induced voltage is 
generated is 120"" by arm electric angle, and coincides 
with a conduction section 1 20° . But the total of the 
interlinking magnetic flux makes an approximately 
stepwise change, since the magnetic flux is deflected in 

an air gap 38. Accordingly, magnetic flux does not change very much, while the field magnetic 
poles having an open angle of (91-82) make one slot-pitch worth of move. As the result, it 
becomes possible to make all the regions of the field magnetic poles effective sections 
contributing to the torque. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It becomes a stator and this inside from Rota which carried out opposite arrangement 
through the air gap. Said stator equips with and constitutes the coil of the three-phase-circuit 
said alignment volume in the stator core which has two or more slots. In the brushless DC motor 
made to rotate said Rota by said Rota's equipped with and constituting a permanent magnet field 
in the shape of ** [ core / rotor ], and performing 1 20 degree energization of three phase 
circuits to said stator winding When theta 1 and the slot pitch angle of said slot are set to theta 
2 for the pitch angle of the effective magnetic pole of the synthetic magnetomotive force 
produced with the coil of said stator by said energization, The brushless DC motor characterized 
by setting mostly the open angle from said stator of said permanent magnet field, and the 
rotation axial center which counters as the range of theta 1 to (thetal -theta2). 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
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2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the brushless DC motor of the inner rotor mold 
equipped with the permanent magnet represented by the motor for a compressor drive of a 
refrigerator or an air-conditioning machine etc. 
[0002] 

[Description of the Prior Art] The general configuration of this kind of brushless DC motor is 
shown in drawing 10 . As for this example, the number of slots of a stator shows the case where 
the pole of 24 and a motor is 4. While many teeth 37 exist in the inner circumference section of 
the stator core 31 of a stator 30. between each of these teeth, the slot shown with the slot 
number of 1^24 is established, and this slot is equipped with the coil which is not illustrated 
through an insulating material. Each slot is equipped with one coil of drawing 1 1 at a time, and 
they is arranged so that one pole of each phase may be formed with the coil 32 by which the 
said alignment volume was carried out by five slot pitches, so that the configuration of this coil 
may be shown and it may illustrate. U phase winding and an alternate long and short dash line 34 
show V phase winding, and a broken line 35 shows W phase winding, respectively, and u. v. and w 
are ****** of U phase. V phase, and W phase, respectively, the neutral point when Y connection 
of 36 was carried out is shown, and, as for the drawing solid line 33, stator winding of three- 
phase-circuit 4 pole is constituted on the whole. 

[0003] On the other hand, Rota 40 of drawing 10 consists of permanent magnets 42 with which it 
was equipped in the shape of ** [ core / this / the rotor core 41, / rotor ]. and it is supported 
and constituted by the shaft 43 so that it may counter through the predetermined air gap 38 
between the inner circumference sections of a stator core 31. A ferrite magnet or a rare earth 
magnet is used, four pieces of permanent magnets 42 are magnetized so that one piece of 
permanent magnet may form one pole, and they form a field. 

[0004] Thus, in the constituted brushless DC motor, in each of the wave-like positive/negative 
of the induced voltage on the basis of the neutral point 36 of each phase generated by rotation 
of Rota 40, the energization to stator winding 32 energized 120 degree section of electrical 
angles before and after centering on a peak, and has acquired effective torque. This situation is 
shown in drawing 1 2 . u1, v1, and w1 which are shown with a broken line in drawing are the 
example of an induced voltage wave when rotating Rota, and, generally it is a sine wave-like 
wave. Moreover. u2, v2, and w2 which are shown as a continuous line are an energization voltage 
waveform, and VN shows neutral point potential. When operating a motor by 1 20-degree 
energization, it is made into an energization field near the peak about the positive/negative [ of 
an induced voltage wave ] of each of each phase. That is, if I hear that that induced voltage is 
large has a large change of the magnetic flux interlinked to the coil of the phase, there is and 
change of magnetic flux passes a current to each phase in a large time domain, it will be a well- 
known fact that torque can be generated effectively. 

[0005] Follow, for example, S5 carries out 1 20 degree section energization of electrical angles 
respectively with section S4 in the sections SI and S2 and the negative direction in the forward 
direction in U phase. In V phase, it energizes [ in / in the forward direction / in the section S3, 
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S4. and the negative direction / the sections S6 and SI and W phase ] to timing called the 
sections S2 and S3 by the sections S5 and S6 and the negative direction in the forward 
direction similarly. That is. two phases in a three-phase-circuit coil energize continuously, and 
rotation of Rota is made to maintain that it is also at the rotation magnetic pole in response to 
the angle of rotation of Rota, forming the pole of a predetermined pole. 
[0006] 

[Problem(s) to be Solved by the Invention] In the conventional brushless DC motor, as shown in 
drawing 10 . it is allotted in the pitch by which the number of field magnetic poles of the Rota 40 
was made into the pole and the same number of a stator, is a pole and the divisionHnto-equal- 
parts rate was carried out to the circumferencial direction, therefore if the number of magnetic 
poles is set to P, the machine angle MP of the pitch is set to Mp=360 degree/P, and, in the case 
of the field of four poles of drawing 10 , has become Mp=90 degree. 

[0007] On the other hand, since the said alignment volume of the coil which forms the magnetic 
pole by the side of a stator by energization is carried out by five slot pitch in the case of drawing 
11 , the machine angle alpha 1 of a winding pitch is 75 degrees. It seems that magnetomotive- 
force distribution of the magnetic pole in the case of drawing 1 1 is shown in drawing 13 when the 
energization turned to V phase for example, from U phase is made. In drawing 13 , the 
magnetomotive force according [ (a) ] to U phase winding, the magnetomotive force according 
[ (b) ] to V phase winding, and (c) show those synthetic magnetomotive force, respectively. In 
this case, although stator magnetic poles are four poles and that pitch is the 1 80 degrees (90 
degrees of machine angles) of the same electrical angles as the pole pitch of Rota, if that 
distribution wave is seen, the actually effective field as a magnetic pole serves as the range of 
theta 1 of 150 degrees of electrical angles (75 degrees of machine angles). That is. only the 
amount of [ which is equivalent to the effective magnetic pole theta 1 except a zero field among 
the synthetic magnetomotive force which is going to form one pole ] pitch angle is an effective 
magnetic-flux field, and the stator teeth which this coil straddles in fact and are located inside 
serve as passage of magnetic flux. 

[0008] If it is made to counter with the stator whose pitch of the effective magnetic pole of such 
synthetic magnetomotive force is 75 degrees and Rota whose pole pitch is 90 degrees of 
machine angles is rotated, a flux linkage will change like drawing 14 (a) per plane 1 of stator 
winding, and the induced voltage produced in this phase will become as it is shown in this 
drawing (b). Induced voltage generates peak induced voltage in the section alpha 2 equal to the 
effective magnetic-flux field of a stator so that clearly from drawing 14 . However, the 
energization section is a total only of the 1 20-degree section of 60 degrees of electrical angles 
respectively before or after the peak induced voltage section to there being the section of this 
peak induced voltage between 1 50-degree (75 degrees of machine angles) divisions by the 
electricai angle. Therefore, 30 degree section of the difference is the un-effective section. 
[0009] Conversely, the magnitude of the induced voltage in the anteposition phase which 
separated from the energization section requires the time amount for passing sufficient current 
deriving required torque, after starting energization, it produces the phase lag of the current over 
the applied voltage to a coil as a result, and worsens a power-factor. Since this is an electrical 
potential difference for the electrical potential difference of the difference of the electrical 
potential difference to impress and the induced voltage of the coil in the time to pass a current 
to the coil in the standup of the current after starting energization, a difference electrical 
potential difference for that induced voltage is large to raise a current becomes small as a result. 
Therefore, a current Is in a phase with applied voltage, as a result of becoming the rise carried 
out slowly and the time amount which reaches a current value required for desired torque 
becoming long. 
[0010] 

[Means for Solving the Problem] This invention becomes a stator and this inside from Rota 
which carried out opposite arrangement through the air gap. Said stator equips with and 
constitutes the coil of the three-phase-circuit said alignment volume in the stator core which 
has two or more slots. In the brushless DC motor made to rotate said Rota by said Rota's 
equipped with and constituting a permanent magnet field in the shape of ** [ core / rotor ]. and 
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performing 1 20 degree energization of three phase circuits to said stator winding When theta 1 
and the slot pitch angle of said slot are set to theta 2 for the pitch angle of the effective 
magnetic pole of the synthetic magnetomotive force produced with the coil of said stator by said 
energization, The open angle from said stator of said permanent magnet field and the rotation 
axial center which counters is mostly set as the range of theta 1 to (theta 1-theta2). 
[0011] 

[Function] The peak section of the induced voltage which the open angle of a field magnetic pole 
produces by change of the flux linkage to stator winding by this almost in accordance with the 
effective magnetic-flux field per pole of a stator turns into the effective section which all the 
fields of a field magnetic pole contribute to torque as a result in accordance with the 
energization section to stator winding, and futility does not arise. Moreover, by starting 
energization with an anteposition phase slightly [ the section which generates the induced 
voltage of a peak ]. as for current ****** of the phase, torque comes to start quickly. 
[0012] 

[Example] Drawing 1 is the flat-surface sectional view of the brushless DC motor in which the 
example of this invention is shown, the number of slots of a stator shows the case where the 
pole of 24 and a motor is 4. like what was shown in drawing 10 . and the sign same into a 
considerable part identically to drawing 9 is attached. Moreover, since the machine angle alpha 1 
of the winding pitch of **** every pole is 75 degrees since the slot of 1-24 of the stator 30 in 
drawing 1 is equipped with the coil shown in drawing 1 1 . and the number of slots is 24, the 
machine angle theta 2 of a slot pitch (= teeth pitch) is 15 degrees. Moreover, since the 
magnetomotive-force distribution by the coil of a stator is shown in drawing 1 3 , the pitch angle 
theta 1 of the effective magnetic pole except a zero field is the 75 degrees (150 degrees of 
electrical angles) of the same machine angles as alpha 1 among the synthetic magnetomotive 
force which is going to form one pole. On the other hand, although the configuration of Rota 50 
consists of permanent magnets 52 with which it was equipped in the shape of ** [ core / this / 
the rotor core 51, / rotor ] as shown in drawing 2 , unlike the thing of drawing 10 , the open 
angle theta 3 from the inner circumference section of the stator 30 of a permanent magnet 52 
and the revolving-shaft alignment O which counters is the same 75 degrees as theta 1. 
[0013] If both thetal and theta3 rotate Rota within a stator in the motor constituted at 75 
degrees as mentioned above, a flux linkage will change like drawing 3 (a) per plane 1 of stator 
winding, and the induced voltage produced in this phase will become as it is shown in this 
drawing (b). In this case, it becomes 120 degrees (60 degrees of machine angles) by the 
electrical angle, all these sections alpha 3 turn into the effective section in accordance with 1 20 
degrees of electrical angles which are the energization section, and futility does not produce the 
section alpha 3 which generates peak induced voltage so that clearly from drawing 3 . Therefore, 
by energizing with an anteposition phase slightly [ the section which generates the induced 
voltage of a peak ], since induced voltage is low, a difference electrical potential difference with 
applied voltage becomes large, and its standup of a current is early. 

[0014] It constituted from above-mentioned explanation so that it might become almost equal to 
the pitch angle theta 1 of the effective magnetic pole of the synthetic magnetomotive force 
which produces the open angle theta 3 of the permanent magnet field 52 of Rota 50 by stator 
winding 32, but even if theta 3 is less than [ thetal ], the same effectiveness will be acquired if it 
is a certain fixed range. Namely, since the amount of the field magnetic flux which interlinks the 
situation of field magnetic flux in case the field pole of Rota moves to stator winding in 
proportion to migration does not change but magnetic flux is deflected in an air gap 38, the total 
of a flux linkage changes almost stair-like for every teeth pitch. Therefore, while field pole 52-a 
which has the open angle theta 3 as shown in drawing 4 (thetal -theta2) moves by 1 slot pitch (= 
teeth pitch) to condition 52-c which exists in one edge of the range of theta 1 and which while 
will be condition 52-b Involved and exists in an edge, change of magnetic flux will be produced so 
much. Conversely, if it says, the part field pole equivalent to an include angle theta 2 may be 
small. Although the above explained the field with the permanent magnet, the same thing is 
obvious even if it is a coil field. 

[0015] Moreover, although Rota 50 shown in drawin g 2 has composition which embedded the 
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permanent magnet 52 in the rotor core 51. also in Rota of a configuration of having attached the 
permanent magnet in the periphery section of a rotor core, it is applicable [ this invention ] 
convenient at all in addition to this. Furthermore, in this invention, various permanent magnets 
can apply regardless of a configuration, and this point is explained a little below. 
[0016] Rota 60 shown in drawing 5 embeds permanent magnets 62 and 63 at the hold hole of 
two or more V typefaces prepared in the rotor core 61, it is magnetized so that each of V 
typefaces each formed of the pair of each permanent magnets 62 and 63 may form one pole, and 
it forms the field of four poles on the whole. In the case of such Rota 60. it is referred to as 
theta 3 which defines the open angle from the stator of V characters of each pole, and the 
revolving-shaft alignment O of the field of the side which counters by this invention. Namely, 
what is necessary is just to set these theta 3 as the above-mentioned range of theta 1 to 
(theta 1-theta2). 

[0017] Rota 70 shown in drawing 6 is constituted by the permanent magnet 72 of four U 
typefaces which turned the convex to the inside, in such a case, sets the open angle of the 
stator side circular face of the permanent magnet 72 of U typeface to theta 3. and sets this as 
the include-angle range of this invention. Moreover, Rota 80 shown in drawing 7 arranges to 
multiplex the permanent magnet of U typeface shown in drawing 6 on each pole, it is magnetized 
so that one pole may be formed by the pair of the permanent magnets 82 and 83 of a duplex, and 
it forms the field of four poles on the whole. Since the outoide permanent magnet 83 cannot 
enlarge an open angle on account of a tooth space in the case of such Rota 80, the open angle 
of the stator side circular face of the permanent magnet 82 arranged inside is set to theta 3, and 
this is set as the include-angle range of this invention. It is not limited to U typeface, and the 
permanent magnets 82 and 83 in Rota 80 of drawing 7 may be V typefaces, and they are not 
double and may be further constituted in multiplex. 

[0018] Rota 90 shown in drawin g 8 shows the case where it is constituted by the plate-like 
permanent magnet 92, in such a case, sets the open angle of the stator side straight-line side of 
the permanent magnet 92 of a cross-section rectangle to theta 3. and sets this as the include- 
angle range of this invention. In addition, 93 in drawing is the magnetic-flux short circuit 
prevention section, and it is stood in a row and prepared in the hold hole of the permanent 
magnet 92 prepared in the rotor core 91. and it forms by space or it is formed [ inserts a non- 
magnetic material and ]. 

[0019] Moreover, although it is common in the corner section of a permanent magnet that 
beveling parts, such as R beveling and C beveling, exist, the range of the open angle theta 3 
shown in the above-mentioned example in such a case shall be appointed in general as follows. 
That is, as shown in drawing 8 , let the open angle theta 3 of U characters constituted with the 
permanent magnet 73 which has the C beveling 74 and 74 at the edge of the field by the side of 
a stator be the open angle formed by the line of these C beveling 74 and 74 which connects the 
revolving-shaft alignment O to a pole Mabe approach edge most. This is because the effective 
section which can carry out outflow close to a rotator can come without saturating magnetic flux 
with a stator coil in this part since the width of face of the rotor core part between C beveling 
part and an air gap becomes large with this C beveling. Since it is the same, the same is said of 
the open angle theta 3 in the permanent magnet of V typeface which has C beveling. R beveling, 
etc. In addition, although the above example explained the motor of 4 pole structures, of course, 
this invention can contribute effectively to the thing of any poles, such as two poles and six 
poles. 
[0020] 

[Effect of the Invention] According to this invention, since it has secured by electrical degree 
width efface, compared with the same conventional motor as 120-degree energization which has 
the same capacity, field magnetic pole width of face can be made small for the peak induced 
voltage width of face of each phase. Therefore, the Rota weight can be reduced, the part 
permanent magnet which made especially the field pole pitch small can be made small, and 
reduction of components cost is made. 

[0021] Moreover, since the peak induced voltage range considered as 120 degree range of 
electrical angles, in accordance with 120-degree energization section of stator winding, the 
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effective section which all the fields of a field magnetic pole contribute to torque as a result 
comes, and futility does not arise. Moreover, by starting energization with an anteposition phase 
slightly [ the section which generates peak induced voltage ]. the current of the phase starts 
quickly, there are few current phase shifts to applied voltage, and the power-factor as a motor is 
improved as a result, moreover, the above — torque will also start quickly and the standup of a 
quick current does so the effectiveness that the torque ripple as a motor decreases. 
[0022] If the thing in elegance is compared conventionally which was shown in the change and 
drawing 14 of the flux linkage to stator winding in this invention furthermore shown in drawing 3 . 
the situation of the change is equipped with the features of being hard to generate vibration and 
the sound which the thing of this invention is a thing near a smooth sine wave, therefore 
originate in flux reversal so that cleariy. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The flat-surface sectional view of the brushless DC motor in which the example of 
this invention is shown. 

[Drawing 2] The flat-surface sectional view of the Rota part of drawing 1 . 

[Drawing 3] The wave form chart showing the change and induced voltage of the flux linkage per 
plane 1 in stator winding of the motor of drawing 1 . 

[Drawing 4] The expansional mimetic diagram explaining a stator and the opposite condition of 
Rota. 

[Drawing 5] The flat-surface sectional view showing another example of Rota of this invention, 
[Drawing 6] The flat-surface sectional view showing still more nearly another example of Rota of 
this invention. 

[Drawing 7] The flat-surface sectional view showing still more nearly another example of Rota of 
this invention. 

[Drawing 8] The flat-surface sectional view showing still more nearly another example of Rota of 
this invention. 

[Drawin g 9] The explanatory view which illustrates beveling of a permanent magnet and the 
relation of an open angle. 

[Drawing 10] The flat-surface sectional view of the brushless DC motor in which the 
conventional example is shown. 

[Drawing 1 1] Drawing 1 and the expansional mimetic diagram of stator winding in the motor of 
drawing 10 . 

[ Drawing 12] The wave form chart showing the induced voltage and the energization electrical 
potential difference of stator winding. 

[Drawing 13] It is a magnetomotive-force distribution map at the time of the U-V energization in 

stator winding of drawing 1 1 , and what depends (a) on U phase winding, the thing which depends 

(b) on V phase winding, and (c) show those synthetic magnetomotive force. 

[Drawing 14] The wave form chart showing the change and induced voltage of the flux linkage 

per plane 1 in stator winding of the motor of drawing 10 . 

[Description of Notations] 

1-24 Slot 

30 Stator 

31 Stator Core 

32 Stator Winding 

33 U Phase Winding 

34 V Phase Winding 

35 W Phase Winding 

36 Neutral Point 

37 Teeth 

38 Air Gap 

40, 50. 60, 70, 80. 90 Rota 

41. 51, 61. 71, 81. 91 Rotor core 
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42. 52. 62. 63. 72. 73. 82. 83, 92 Permanent magnet 
43 Shaft 
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DRAWINGS 



[Drawing 1] 
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[Drawing 2] 
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[Drawing 4] 
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[Drawing 5] 




[Drawing 6] 

e 




[Drawing 7] 
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[Drawing 9] 



http://www4.ipdl.inpit.go jp/cgi-bin/tran_web^cgi^eije 



2007/05/07 



JP.10-014190.A [DRAWINGS] 



3/4 ^—iy 




0 



[Drawing 8] 




[Drawing 12] 
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[Drawin g 14] 
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^■^ti,yy>'UxDc=t-^i,zti\>-^x. BuiEiimtcio 

xmmx^-i!'cr>mmizj:-,x^th^m.mm:hco^^ 

6 2) <r)f&mi>zm^Lfcztinmt-r^y7'>uxD 

[00 0 1] 

fmm'^-:f'mizitm^tii>^Ampsi:^mLti^ yi- 

-o- ^McOT'^ v-l^;^ D C tcMf S . 
[0002] 

lU^coimi :i(omco-fy i^uxDC=i:—?cr>~m.m 

iJ'BOcOXT— ^'3r3 l<7)|^i^gPtc;ti^Sc<0T--f-;^ 

3 736»«#tt-r2.t tttC, C:cO#T-'f-XSlC«l~2 

xa-y vaiim.'m^itLxmr^Ltc^^mmti^mm^ti 

7^hi.o^z^ ^xu-/V{,zf,t\zi^)Vf-:>mm^ixX 
iJ 0 , 5 X o -y h tf -y ^T'lal'i:^^ # $ ix/i^ia 3 2 (c J: 
-:>T#fflO 1 oco«i$rjg^-r S J: 0 tciSB^itTV^S, 
ll+liaJ3 3«Uffl^. -jiC®iK3 4tiVffl^«g. IK 
*l3 5tiWffl^|I5r-enm^L. ^Jtu, v, wti-e 

$iX7t4"ttjitS:^L, :^f*:-C3ffl4fii<7)X7^-^^||*< 

[0003] —-H^ mi oc7)D— ^4oti. o-^=jr 

4 it:icr>u-9-3Tt<zmmki.zmm^titz^xmEA 
2txm^^ti. x^—!f^T3\<r)nmm}i<nmzm 

A3i,ZX':>X^^iXXmm.^tL^. 4M-<?)*A1K54 

ti. 1 n-fio*Ae$5*^ 1 ®sr j^BS-r^ i o ^zmm^tix 

[00 04] :^<r)Xoi,zm^^fitiy'7>'V'XDC^- 
rJ'tCtiV^T. XT— ^^tR3 2^c7)il^tt, D-^'40 
<7)[Bl^tcJ; -5TS6dfe-r-l.«-ffltf04'tt^3 6 ^SJtfcf S 
mm.S.<r>mmcr)s!Ln.<^^^i,zn\<^X. f-^S:4"C>i: 
-rSfff^^Olg^l 2 0* EISIS:jlfiLT11»^h/U^' 



T^f u 1 , V 1 , w 1 tio-^' SrllIte$Hir7tB#<0Sie 

tfc^Tm^u2. v2. w2uam«jE^-es> 

i: # S vi t {±Jf «ic7)^-C*> S , 
[0005] ^J;i{fUffllct5V%T{ijE:frlSjT{i 

Erasii:S2, m:^|6]-CliKSS4i:S560#^«§\ 

^12 0- EHJiimt. |5I«^cvffl^ctev^•c^iIE:^|6l-c 

«Kras 3 t S 4 , m:frr6]T't±E^S 6 i: S l . Wffllc 

fcc^T«iE:fir[fii-rt±Eias 5 i: s 6 . n:fj\^v(,m^s 

-f 3 ffl^lSrtco 2 ffl*>'a«$ti.T . B)r^coffii0:<offiSr 
^ 1 000 - rJ' C7)|g^^ tcuf t y-c HWgfiHffiT t -5 T n 
- ^' cOllIlKS•ilst^^ Li^T V %S . 
[0006] 

[^Hj*^ms»iLJ:3 t-r^sins] t^tfoy^i-pxDc 
mLxm^pi^tifzh' •y-f-x&^tixnK) . m.^x^<o 

\^'y^(^mmnMPU. m^S:Pi:-rSi:. Mp = 3 
6 0" /Pt^O, lai 0i04ffic^lHK<OJl-&Mp = 9 

0° i:>Sr-5TV^-g.. 

[0007] -:Sr, mmiz^ OXt— ^-HKoiMi^J^^ 

■r .1.^18(4. 01 i(^J^5xn«y ^^^•y^•cl^I/|:^^^i 

^tLX\^^<7)Xmm^'-yi-cr>mMf^a nil 5° t^o 

Tv^&, lai i«oj^^ici3tt.s.m«ioefis:»]:}i-^ijt4. m 

-r<J;d^t<7)i:^^. 01 3{ct>V^T (a) WUffi^lS 
tciSiSIK:']. (b) «vffl^lSlcj:sefia;:^3. (c) 

Xx-:^Jlffi«4®-C*>-5-C'?-^t yf-ttO-:$'c7) 

mmi^'y^trntm^niao' (mmn9 0' )xh 
h-bK ^<7i^^m^^?9.htmm.i>zmmtLxw))ts:m. 

*>^«JS2: 1^ < wfimm. e 1 tcffl a-r ^ t- y ^:ft^<o;^i 

»t ^ XT- ^T -f -X*JfiSS(7)g£gSi; =5r-:> T V ^S , 
[0008] a ^^^S6S^JO^mfiicOt>y^ 

*J7 5° c7)Xx-^t*^l^$-ti■T^a«5t•y^*^«HiSA9 
0- coa-^'SrEK^HirSi:. Xx-^J'^eoifflS/i 
0H14 (a)c7)J:a tclK3cfiS^*-'^-ft L . cr)ffl(c5fe 

\:.hvmn&},inm (b) coi^^c^s. iai4*><?>B3 
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c: <7) i^«ffi«oiEiaw^stft-c 15 0* ( mm^ 

sm<Dm^k^^m^6 0' co^ff-i2o° cosmcop^ 
Tfcs. !«r>r-5-«i&3o- mmm^^jmTt>^. 
[0009] mi,zmmmm^^\'ixfzmiiLiST<^mmm& 

<r>iL-h±i}^*)i>zi5\,^Xii, mitthm&t^comAX'co 

[00 10] 

^3TlC3ffl|siC^^§«^ja&Jg«LT«fi)tt. Buien 

^L. H>ilBXx-^^^{3 3ffll 2 0- am^^foit 
^zi.'oXmt^'Q-^^mm.^'ihf^xyVXXiQ^-^ 

xn-y hcoxn-y hb°>yf-:^$:(9 2i: L/ci:#, HulE*. 
1^^^VS.e it^th, (^l-(9 2) <0|gHt=^L7ttco 
[00 11] 

'mmmm.hmi.-^^^. zfi\zi,y)x^-9mm^<nm. 

[00 12] 

■f— ^-coxo-y hiS:A>'2 4, ^-^cO«5ScAMc7)ja-^^ 
^LT*!0, 09 t|s|-^7^clifflS^:W-(ctt|B]-cOt¥-^ 
*«WLT^.g.. ^/>:Hlt;i*3tt'i.XT--:5'3 0cr)l~2 
4 iox o -y h cti .011 {c^-r^3&«^«;^<xS tz 
if). »ffl^«gc0^^f .y^OSM^Ia H±7 5- T'J) 

(=7^'f-xe-yf-) c7)«|«jft6'2iii 5- t'SroTv^ 
S. :^'r-iS'(omkl>ziit1sm:fj»mmi Siz 



« 1 tISItffilftSATS" («^l 5 0° ) ^^->-ct> 
— ::^r. o-^5 0<?)«Bg«, H2lc:T^-rJ: dlcn- 
2i;-r«f£$n.S*i. HI OcTjtiOkS^O, * 

Oii^i^(7>mn0 3ii. (9 1fc|S|l:.7 5' t^'yX\>^i>. 
[0013] ±ieoJ: d tc^ 1 i: (9 3*<^t(~ 75- 
fiittTt^-^'Cfcv^T. XT— ^'f^-Co-^'^rHUKSii- 
Si:. X7^-:S'^i|g<7)lffiS^ci503 (a) cOcfcotCSi 

3cfig**-'^^'fbL. ^coffi{c^t-S.^e«ffii|B]|l (b) 
iOidti'Srl.. Zcom-^m3*^i^mi^i}^^j:Xol,Z. tr- 
i?Me«ES:^-r-I.K^a3««^-Cl 2 0- (SI 

itfteo- ) t^j:*). mmm^vhhmscm 1 2 0' t 

-Wet. zcomjma 3co-t'<.xii<^m.mb^j:'^xm^ 

Oi5-f AHcffaffl-CM^-tS CI i: lei 0 > l^jSmEliiS 

[0014] iieoMH^Tti. Q-:^' 5 Oi7)*AiatH5^ 
585 2<mne3^X^—*^^3 2l,zX'oX±t?>'^ 

<7)mmThtiimm<Dmkti^n^tii>i,<r>Tiht. an 

^l!)tcitfi«JL-rxx-^^48tc«3c-r.S.-^JSlS^<7) 
**^'^^'fti-ri.<OTli^r < . xr^-v y r 3 8 co^fTffi^ 

^mzmm^mz^it-t^. m.^xm4iz9ik-txo 

tc, (^1-^2) ^?.raft^3S:^^■rS#fi5ffi52- 
a (i > &1 <r>mm<o-':fT<7)mSii,zmE:i-^^Wi 5 2 - b 
*^ t 3 -:^0«g|5tc»ltr 52-c^-ClXa 
•yhb-.y^ (=f-^_Xb°-y^) ^^KrT^ S^E^iO 

2fcffla-^^^#lKffi*«/jN$<t:t>iv^ifcec^S. Jjl 

|3|«-C$) I. ^ t tt g BJ-CJ> S , 
[00 15] *!tia2t:^L;tn-:J'5 0tiD-:J'3r 

5 1 p^iz^xm^5 2 ^ml!blL^t^m^t^d:':>x\.^^ 
i)K ztiMmz. r:i-:^aT<^nmmz7^xm^^n'o 

m'^wtch^. ^i^i,z:^^mizi5\,\xi,i. a^«o*AfiK 
m^m^ti ^h-rmm^mx'h o . c o^tcov ^xar 

[00 1 6] astc^-Tn-rJ'eOti, D-rJ'arei 

(,zmi>ffzmm.cr>v^mcotR^mz^xwGe 2 . e 3 Sr 
aa^>)i^^t'tor^> 0 , #*ais5^6 2 , 6 3tf0'^r(c 
J: -oTm$as*v^0(?D-eix-fix*»' 1 fii^?^^-r«. 
idt^JlSixT. ^i4cT4flii7)im^^jigL-ri^«.. 
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1-0 2) (Dmmizm:^tim^\ 

coo 1 7] [letc^'tn-^J'TOti. flffi^rP^lil^ltl 
ttJt 4 o<7)U^J^cr)*:AfiS5 7 2 J: -D TmSixT iJ 
0. ^Oi^^J^-^ti, U^j^60;^Am57 2cOXx- 

izm^-th, il7tll7tc:^f o-:5'8 0«, Hetc^L 

2a<0*:XlK58 2. 8 3<0'<r{=J: oTl fii 

LTV^i). c:<Oj:3^n-;?8 0iOJ©-&. ^'t-iB!l<?5*A?l 

F«=HitcgSaSii/v:*Ail58 2«Xx-^(fflraBn<7)g3 

7(7)D-^8 0tCjott^*AJ158 2, 8 3«U^:j^iC 

MTti^ < ^ <^ ^MtclSfig L T t J; t ^ „ 
[0018] m8l>Z^-tn~9 9 0«, ¥««<50*A® 
59 2{CJ:oT«lfiKSiX^cJ»-^$:^LT*3'?. ZCOXo 

®c7)P:^Sr ,9 3 1 L, c:ii$:*5&BBc7):ftjSffi|Htc|g^f 
I.. 1^. ll4^9 3tiiK^«*&l»jhg|5-r'S>0. a-^J'nr 
9 1 fc^tt^.ti:^^*All59 2iOJR§7Lfc:ji^-5rlStt 

xh'o. ^mzX'yxm^Lti'oh?>\'Hmmmtmi: 
nxLxmis.^ixi>. 

[0019] ^ 7t*A^K5^03-':^-gP^^tiRHBXO^ 

ti\ c (7) J: a ^is-^tcfc (t h }Lumm\^z^-t^n e 3 

c7)efflti«iaiXcOj;aC^a'5€.ic7)i:-r§, MP*>. 118 
fc^-r J: a tcxr— ^'lB9<7)B(0^tc;CBlX 0 7 4,7 
4 5r^-r^75<AK57 3{cJ; Dm§ix-?.U^<7)^:ft6' 
3(1, C:«OCSJ1X0 74. 7 4<O»t>W^^S:0«a5fc 

ft^. 1^4, i-jLhO||Sfefifimi4ffi«aico^-^{cWL-C 
[00 20] 

ia^i2o- m.m.tmt^m^Am.mii'meikLx^-^^cr) 



[0021 ] ttz^-:^mm'mKmB*m%A 120* 

^tLtz<OX. Xt-:J'^II<01 2 0° iimESi:- 

miznttm^{mco'rtim-^j:< . i^mt ut^-^ 

[0 0 22] ^i^i,zm3l,z^l-fz^^mzii{i:h^7— 
ifhi>(r)ti:imri>bmi^i)^^j:Xoiz. ^<rM.<rm 

[0®cr)^*^iMBJ] 

[HI ] 3(sJ6B3£O||Jfi0lJ2r*-r7'7i^L-XDC^-^c7) 

[02 ] 0 1 <7)a-:?a5^/)¥ffllBfiSll. 

[123] m\(n^-9<r>y.'f-9^m\.zii\,^h\i^mti 

[H5] sjs^Bjcon-rJ'coSiJcDIIifififySr^-rTBBrffi 
H. 

[[16 ] 3|S^H^fiOO-^'<7)$ <^fcgiJ<7)SIS60IIS-^-tT® 

[117 ] ifwm^—9<r>'^ h\z7>\\(r>%m^^m-'m 
[08] ^wmu-^^^t^^zmcTi'mm^ykt^m 

[09] *AJ15<7)M5X0i:raftcoM{SSr^JiS-ri.iftBJ 
0. 

[0101 WfJS^km-t^'^l^V7.V>Q^—9<r>^mW[ 
M0. 

[0111 0iatX01 0(?)^:-:5'(:j3(t€.Xx-^'^ 
[0121 ;^x-^'^*af0^e«ffii:il««ffi5r^-ra[ 

[013] 01 lc0Xx-^^(c*3{t.g.U-Vffl||^ 
cOSfil:*]^ffi0T?) 0 , ( a ) H U Wm\Z i S t CO , 
( b ) tiVffl^^tcJ; -!> t CO, ( c ) {l-eix^.c0^fi£e 

[01 4] 01 OcO^:-:5'COX7"-:J'^tCt3{tS Iffl 

1—2 4 ;;<.a>yh 
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3 0 

3 1 T.'r-'^nT 

3 2 XT— ^'^J* 

3 3 Uffl^ 

3 4 Vffi^^g 

3 5 Wffi^JI 

3 6 tt'tt;;^ 



3 7 T-^r-x 
3 8 xr^A-vr 

40. 50. 60, 70. 80. 90 u—^ 

41. 51. 61. 71. 81. 91 o-^^nr 

42. 52, 62. 63, 72. 73. 82, 83. 9 

2 




(b) teO 

BE 



[05] 
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[US] 



[iai 0] 






;kU', t I 2 3 4 S 6 7 8 9 to II 12 13 14 K 16 nil 21 22 B 14 

^ h r 



60' 



(a) -T 

(b) ~~ 



(c) 



[HI 21 

120* ]80' 240* 300* 360* 

U1 



; Sl .[ .S2 . j S3 j . S4 . j,SSj_S6^} 

[014] 

0' 3Cr 60' 90" 120' 150- 180' 2 10" 240' 270" 300' 330* 360' 





